ABSTRACT The interactions of calcium and lead on the human erythrocytes have been studied in vitro using 45Ca and 203Pb as tracers. The 
cervical ganglion. A similar phenomenon was also observed in frog sympathetic ganglia by Kober and Copper,6 who postulated that lead competes with the calcium in the presynaptic nerve terminals. In-vitro experiments have suggested that PbCl2 also exerts an effect on the neuromuscular junction.7
The present investigations were undertaken to evaluate the relation between lead and calcium in human erythrocytes. Attempts were also made to identify the calcium and lead binding sites in the erythrocytes.
Materials
Molecular weight markers for gel filtration were purchased from BDH Chemicals Ltd. Sephadex G-200 was purchased from Pharmacia (UK) Ltd. 45Ca was a gift from the Radiation Protection Service, University of Manchester. The isotope is a fl-emitter with a half-life of 165 Blood samples were incubated with 203Pb at 37°C for two hours in a shaking water bath. Isolation and fractionation into plasma and erythrocyte were achieved using the method described later. A mixture of 1 ml aliquot with 1 ml of chloroform and 1 ml of methanol was then shaken for 30 seconds. After the addition of another millilitre of chloroform, 1 ml of distilled water was added and shaking was continued for 10 minutes. The sample was then centrifuged and separated into three distinct layers; the organic lower phase was the chloroform layer containing the phospholipid while the second aqueous upper phase was the methanolic layer of non-bound free ions. The insoluble protein residue was removed and the procedure was repeated once more. Each fraction was analysed for lead by radioactivity counting.
DISPLACEMENT OF ERYTHROCYTE LEAD BY CALCIUM
Erythrocytes were incorporated with 203Pb at a concentration of 2-45 ,tmol/l (50 ,tg/100 ml) for two hours. They were then washed twice with saline buffer and reincubated with fresh plasma containing CaCI2 in concentrations ranging from 20 to 200 pumol/l at 37°C for four hours.
The displacement of 203Pb was observed by measuring the radioactivity of 203Pb in the plasma. 
ERYTHROCYTES
Twenty millilitres of fresh blood were collected and centrifuged at 2500 rpm for 10 minutes, after which the buffy laye, was carefully aspirated. The supernatant and erythrocytes were mixed and incubated for one hour in the presence of 20 ,Ci of 45Ca or 203Pb. After incubation the cells were spun down at 3000 rpm, and the plasma fraction was aspirated. The red cells were washed four times with 10 volumes of cold isotonic saline and were then lysed with five volumes of water. The total volume of the lysate was measured and a one-millilitre fraction was removed for radioactivity estimation. The stroma (ghosts) was separated from the rest of the lysate by centrifugation at 30 000 g for 40 minutes and then freed from haemoglobin according to the method of Maddy.11 The amount of radioactivity in the entire amount of the stroma was measured. All the separations were done at 4°C.
The radioactivity in whole blood, plasma, lysate, and the stroma was determined by f + y -counting, and the percentage of activity in each fraction was also calculated.
PREPARATION OF ERYTHROCYTE MEMBRANES
The stepwise osmotic haemolysis method of Dodge et al12 was used for human RBC membrane preparation. This method was reported by the authors to cause minimal loss of membrane proteins and maximal loss of haemoglobin. 13 The use of EDTA in the method, however, creates some problems. Using this reagent more haemoglobin is released from the membrane but some of the loosely bound protein probably accompanied it. In addition, the lead would also be chelated and thus make the results difficult to interpret. Therefore this reagent was not used.
Samples of fresh human blood were used in this study. The 
CHEMICAL MODIFICATION OF ERY'THROCYTE MEMBRANES
Chemical reagents were used to identify the principal binding molecule(s) in the membrane. The methods of introducing these group specific agents were as follows.
Reaction with carbodi-imide: modification of carboxyl groups The procedure was based on the method of Carraway and Koshland.14 Membranes were suspended in 0 5 M NH4Cl and carbodi-imide was added to give a final concentration of 0-1 M. The final volume was 2 ml, containing 10 mg membrane protein. The pH was adjusted to 4-75 by HCI, and the mixture was incubated at 37°C for one hour: 0.1 M HCI was added through the incubation time to maintain a constant pH of 4-75. The reaction was terminated by the addition of 10 ml ice-cold 0-5 mM histidineimidazole buffer (pH 7 0), and the membranes were centrifuged at 0-4°C for 20 minutes at 6000 g. The membranes were washed twice more with this buffer before lead binding was measured.
To determine the effect of cations released from the membrane, 45Ca or 203Pb-containing membranes were incubated with 0-1 M carbodi-imide (pH 7 0) at 37°C for one hour.
Controls in both experiments contained 0-1 M histidine-imidazole buffer (pH 7 0). The reaction was terminated, and membranes were washed as described above.
Reaction with PCMB: modification of thiol groups A stock solution of 5 mM p-chloromercuribenzoate (PCMB) was prepared in 10 mM phosphate buffer (pH 7-0) by the method of Riordan 19 g/g of gel and particle size of 120-400 mesh was used. Filtration was performed in a plexiglass column (120 x 3-2 cm).
The column was predetermined and standardised with commercially available proteins of known molecular weight. The protein standards used were: human gammaglobulin, conalbumin, cytochrome-C, myoglobin, and trypsin.
Protein separations were performed with a column equilibrated with 0-1 M Tris-HCl (pH 8 0) containing 1 M NaCl and 0-02 % sodium azide as a preservative. The flow rate was maintained at 24 ml/hr by adjusting the hydrostatic pressure. All experiments were done at room temperature. Erythrocyte membranes labelled with 45Ca or 203Pb were dissolved in the equilibration buffer to a total volume of about 10 Inhibition of the membrane amino groups of the erythrocyte membrane proteins with maleic anhydride showed that the capacity to bind both 45Ca and 203Pb was only slightly reduced.
These results suggest that the binding groups in the red cell membrane for calcium and lead are similarthat is, the carboxyl groups are primarily responsible for the binding, other groups playing only a minor part.
DISTRIBUTION OF CALCIUM AND LEAD IN THE ERYTHROCYTE MEMBRANES
Lead and calcium have been shown to be associated with erythrocyte membrane protein (table 2) . Attempts were made to define more closely the principal binding groups of these two cations in the stromal membrane by gel chromatography.
Erythrocytes that had been incorporated with either 45Ca or 203Pb were isolated from the plasma, and the stromal membranes were prepared according to the method of Dodge et al12 The membrane (ghosts) pellet was then washed three times to remove the cations loosely associated with the membrane, leaving the nuclides that were firmly bound. The labelled stromal membranes were then dissolved in Triton-X-100, and the polypeptides were denatured and separated in Sephadex G-200. Figure 2 is the chromatogram of the membranes before removal of lipids. Most of the recovered 45Ca was associated with fraction 43-45, corresponding to a high molecular weight component of molecular weight 130 000 to 230 000.
Evidence that 203Pb is probably bound to the same molecular groups as 45Ca comes from the finding that 203Pb also appeared in the fraction of similar molecular weight (fig 3) .
Discussion
In this investigation a high proportion (85 %) of lead in the erythrocyte was associated with the intracellular constituents, and only a relatively small amount (less than 15 %) was present in the stromal membrane. This distribution pattern may explain the contradictory published reports with regard to the site of lead binding in the erythrocytes. Earlier workers20-23 reported that lead was associated with the erythrocyte membrane, whereas Barltrop and Smith24 25 reported that lead was firmly bound to the cytoplasmic constituents of the erythrocyte. These groups of investigators apparently did not differentiate the two fractions.
The finding that 90% 45Ca was attached to the erythrocyte membrane is in agreement with Forster and Manery,26 who showed that the binding of Ca++ within the erythrocyte was of minor importance. The limited uptake of 203Pb by the erythrocyte membrane is in accordance with the finding of Bruenger et al,27 who used 210Pb as a tracer.
The stepwise osmotic haemolysis'2 technique used throughout these experiments was chosen because three washes of ghosts (membrane) pellet would be expected to remove the cations loosely associated with the membrane and leave only the cations that were firmly bound. Extraction experiments by chloroform/methanol show that both calcium and lead cations were firmly bound, as about 90% of the total ghosts Ca++ and Pb++ were recovered bound firmly to membrane proteins, whereas less than 3 % was present in the aqueous phase (table 2) .
It is difficult, however, to draw an overall conclusion from these findings, as the exact composition 
